Klebsiella spp. isolates from community-acquired infections were characterized. A total of 39 Klebsiella spp. isolates were obtained from outpatients at four rural hospitals in Mexico (2013Mexico ( -2014. The biochemical tests identified all as being K. pneumoniae. The molecular multiplex-PCR test identified 36 (92.4%) K. pneumoniae isolates and one (2.5%) K. variicola isolate, and phylogenetic analysis of the rpoB gene identified two isolates (5.1%) belonging to K. quasipneumoniae subsp. quasipneumoniae and K. quasivariicola. The last one was confirmed by phylogenetic analysis of six-loci concatenated genes. Mostly the isolates were multidrug resistant; however, a minority were extended-spectrum β-lactamase producing (10.2%). The extended-spectrum β-lactamase CTX-M-15 gene was identified in these isolates.
Introduction
are commonly multidrug resistant and can harbour cephalosporinase or carbapenemase genes [1, 6] . These genes confer antimicrobial resistance to β-lactam antibiotics [1] . K. pneumoniae infections have been described to have a hypermucoviscous phenotype and are susceptible to most antibiotics [7] . This phenotype has been described in K. variicola and K. quasipneumoniae clinical isolates in Mexico and Italy [8] [9] [10] . The hypervirulent K. pneumoniae clones with hypermucoviscous phenotype are considered a new variant of K. pneumoniae [11] . The virulence factors associated with hypervirulent K. pneumoniae have been described, and the siderophores, capsular serotype and regulator of mucoid have been characterized as the most important factors [12, 13] . Several K. pneumoniae-caused hospital-acquired infections have been described in Mexico; these studies have identified the extended-spectrum β-lactamase (ESBL) SHV-and CTX-M-type genes and the carbapenemase KPC-and NDM-type genes [6, 14, 15] . However, K. pneumoniae that cause communityacquired infections have not yet been characterized in Mexico.
The objectives of this work were to identify and characterize the bacterial species of community-acquired Klebsiella infections, as well as to determine the phenotypes and molecular characterization related to antimicrobial resistance and virulence.
Methods

Clinical isolates
Thirty-nine isolates were collected from Klebsiella spp. community-acquired infections between January 2013 and December 2014 from outpatients at the following four hospitals in the state of Guerrero, Mexico: Clínica ISSSTE de Chilpancingo (n = 27), Hospital General de Acapulco (n = 6), Instituto Estatal de Cancerología (n = 3) and Unidad Especializada de Gastroenterología y Endoscopia (n = 3) ( Supplementary  Fig. S1 ). The samples obtained from all outpatients were considered as an infection according to the clinical manifestations in each patient.
Biochemical and molecular determination of bacterial species
The Klebsiella spp. isolates were identified using the VITEK system (bioMérieux, Marcy l'Etoile, France). Initially a molecular test was performed to all isolates using multiplex-PCR (M-PCR-1) amplification. Briefly, M-PCR-1 identifies by PCR amplification unique genes of both K. pneumoniae (phosphohydrolase) and K. variicola (phosphoglycerate mutase) bacterial species, which were proposed by comparative genomics [16] .
Considering the results of M-PCR-1, the nucleotide sequences of rpoB gene (501 bp) [17] were obtained for phylogenetic analysis from isolates 10457, 10471, 10441, 10447 and 10446. In the case of isolate 10446, the bacterial species was confirmed by phylogenetic analysis of six-loci concatenated genes (rpoB (501 bp), gapA (450 bp), mdh (477 bp), pgi (432 bp), phoE (420 bp) and infB (318 bp)) [17] . For both phylogenetic analyses, a maximum-likelihood phylogeny tree was generated by MEGA 7.0.26 [18] with a Tamura-Nei model and 1000 bootstrap replications.
Susceptibility testing and determination of ESBL production
The following susceptibility tests were conducted according to the recommendations by the Clinical and Laboratory Standards Institute (CLSI) [19] using the Mueller-Hinton disc diffusion method: clinical diameter breakpoints of ampicillin, piperacillin, ticarcillin, ticarcillin/clavulanic acid, amoxicillin/clavulanic acid, ceftazidime, cefotaxime, cefoxitin, aztreonam, gentamicin, amikacin, tetracycline, levofloxacin and nalidixic acid. The results were interpreted as resistant, intermediate or susceptible.
For the cefotaxime-and/or ceftazidime-resistant isolates, the extended-spectrum β-lactamase (ESBL) production was determined by applying ceftazidime and cefotaxime both individually and in combination with clavulanic acid. Finally, the minimal inhibitory concentration of ampicillin, amikacin, cefotaxime, nalidixic acid and ciprofloxacin was determined in the ESBLproducing positive isolates. Escherichia coli ATCC 25922 was used as a reference strain in the susceptibility testing according to the CLSI recommendations [19] .
Fingerprinting by pulsed-field gel electrophoresis and multilocus sequence typing analysis The fingerprinting of all isolates was performed using pulsedfield gel electrophoresis [20] , and the results were analysed by GelCompar II software (Applied Maths, Kortrijk, Belgium). K. pneumoniae multilocus sequence typing (MLST) [17] was conducted in 21 selected isolates with different phenotypes: ESBL producers (two isolates), hypermucoviscous phenotype (seven isolates) and serotypes related to hypervirulent K. pneumoniae but with hypermucoviscous phenotype (four isolates). In addition, we selected eight K. pneumoniae isolates that were negative for the previously analysed phenotypes. The seven-loci MLST genes (rpoB (501 bp), gapA (450 bp), mdh (477 bp), pgi (432 bp), phoE (420 bp), infB (318 bp) and tonB (414 bp)) were concatenated into a single Multi-FASTA file, and a maximum-likelihood phylogeny tree was generated by MEGA 7.0.26 [18] with a Tamura-Nei model and 1000 bootstrap replications.
Identification of the β-lactamase genes by PCR and sequencing The ESBL genes were screened via PCR in the SHV and CTX-M families using previously described PCR conditions [21] . All PCR products were sequenced using the chain termination method with the Big Dye Terminator Kit (Applied Biosystems; Thermo Fisher Scientific, Waltham, MA, USA) on an ABI PRISM 3130 (Applied Biosystems). The nucleotide sequences were analysed by the BLASTx program (https://www.ncbi.nlm.nih. gov/).
Determination of biofilm production, hypermucoviscous phenotype, virulence-determinant genes and multivariate analyses The biofilm assay was performed according to Bandeira et al. [22] . The hypermucoviscous phenotype was analysed by the semiquantitative string test [23] . The following virulencedeterminant genes were screened by PCR (Supplementary Table S1 ): rmpA and rmpA2, entB, iroB, irp2, iucA, fimA, fimH, ecpA, ecpRAB, mrkD, mrkA, uge, urea, allS, kfuBC, cf29a, wabG and terW.
A cluster analysis was performed by using the DendroUPGMA program [24] (http://genomes.urv.cat/UPGMA/ index.php?entrada=Example2), with the average linkage based on the Jacquard similarity coefficient and the respective dendrogram (constructed using UPGMA).
Identification of serotype by PCR
The capsular serotypes K1, K2, K5, K20, K54 and K57 were identified by PCR [25, 26] (Supplementary Table S1 ) in all Klebsiella spp. isolates included in this study.
Results
Epidemiologic data, susceptibility and ESBL-producing isolates The 39 isolates included in the study were obtained from patients who had community-acquired infections and who ranged in age from a few days after birth (40 days Table S2 ).
The cephalosporin-resistant isolates cefotaxime and ceftazidime or both were identified in 38.4% of the samples (Supplementary Table S2 ). ESBL producers were identified in 10.2% of the isolates ( Table 1 ). The susceptibility profile of these ESBL-producing isolates was 100% resistant to ampicillin (>256 mg/L), 100% resistant to ceftazidime (>64 mg/L) and 50% resistant to ciprofloxacin and nalidixic acid (>8 and >256 mg/L respectively), and all the isolates were susceptible to amikacin. The identified ESBL gene was determined to be CTX-M-15 in the four ESBL-producing isolates (10458, 10459, 10462 and 10472) ( Table 1) .
Identification of bacterial species in Klebsiella spp. isolates All isolates were identified biochemically as K. pneumoniae. However, using the M-PCR-1 assay, we identified 36 isolates as K. pneumoniae; isolate 10447 (2.5%) was identified as K. variicola (Table 1 ). In this M-PCR-1 assay, a negative result for K. pneumoniae or K. variicola bacterial species was obtained for isolates 10441 and 10446. The rpoB phylogenetic analysis confirmed as K. pneumoniae the 10457 and 10471 isolates and as K. variicola the 10447 isolate. Isolates 10441 and 10446 corresponded to K. quasipneumoniae subsp. quasipneumoniae and K. quasivariicola respectively (Fig. 1 ). Additional phylogenetic analysis using six-loci concatenated genes confirmed that isolate 10446 belonged to the K. quasivariicola bacterial species ( Supplementary Fig. S2 ).
Fingerprinting analysis of K. pneumoniae isolates In general, most isolates obtained from the outpatients at the four hospitals were not related (<80% similarity). However, in the K. pneumoniae isolates, three clonal groups were identified (Fig. 2) . Clonal group A (84.6%) corresponded to the isolates obtained from outpatients at the Clínica ISSSTE de Chilpancingo. Clonal groups B (100%) and C (82.9%) corresponded to the isolates obtained from outpatients at the Hospital General de Acapulco and the Instituto Estatal de Cancerología respectively (Fig. 2 ).
Biofilm production, hypermucoviscous phenotype, serotype and sequence type Biofilm production was identified in 89.7% of the Klebsiella spp. isolates, with a biofilm index of >1. Five K. pneumoniae isolates and the K. quasipneumoniae subsp. quasipneumoniae 10441 isolate showed a biofilm index of >10. Regarding the hypermucoviscous phenotype, 19.4% (7/39) isolates that corresponded to non-ESBL-producing K. pneumoniae isolates showed this phenotype, identifying a string test of >5 mm ( Table 1 ). The main serotypes described as hypervirulent were analysed in the K. pneumoniae isolates in this study. In general, these screened serotypes were identified in seven isolates (17.9%); of these, six corresponded to K. pneumoniae, and the other corresponded to K. quasipneumoniae subsp. quasipneumoniae (10441) ( Table 1 ). The K2 serotype was the most prevalent at 57.1% (4/7), followed by K54 at 28.5% (2/7) and K5 at 14.2% (1/7). Of these, K. pneumoniae isolates 10440 and 10444 with the hypermucoviscous phenotype corresponded to serotypes K2 and K5 respectively. However, the other five isolates (10441, 10453, 10460, 10471 and 10471) that did not have the hypermucoviscous phenotype showed the K2 and K54 serotypes.
The sequence types (STs) identified in 21 K. pneumoniae isolates was heterogeneous. We identified new STs: ST2936, ST2937, ST2938, ST2939 and ST2940 (Table 1 ). The ESBLproducing K. pneumoniae isolates showed ST392 and ST656, and the K. pneumoniae isolates with hypermucoviscous phenotype were ST29 (two isolates), ST252, ST281, ST1081, ST2936 and ST2937. In addition, four K. pneumoniae isolates that were positive for some of the hypervirulent-related serotypes showed that ST2938, ST2939 and ST29 were associated with serotype K2, and ST2014 was associated with serotype K54 (Table 1) . Finally, the K. pneumoniae isolates that did not produce ESBL and that were negative for hypermucoviscous phenotype or hypervirulent-related serotypes had the following STs: ST45 (two isolates), ST37, ST405, ST505, ST2015 and ST2940 (Table 1) . Phylogenetic analysis of the concatenated sequences at the seven-loci MLST of the K. pneumoniae isolates showed clades I and II (Fig. 3) . Clade I corresponded to 12 isolates, and four of these isolates belonged ESBL, extended-spectrum β-lactamase; MLST, multilocus sequence typing; ND, not determined; ST, sequence type. a Hospitals: 1, Clínica ISSSTE de Chilpancingo (n = 27); 2, Hospital General de Acapulco (n = 6); 3, Instituto Estatal de Cancerología (n = 3); 4, Unidad Especializada de Gastroenterología y Endoscopia (n = 3) ( Supplementary Fig. S1 ). b Neg indicates negative for ESBL production. c K. quasipneumoniae subsp. quasipneumoniae were identified by a phylogenetic analysis of rpoB gene. d K. quasivariicola was identified by phylogenetic analysis of rpoB gene and confirmed by six-loci concatenated genes. e K. variicola was identified by multiplex-PCR test [16] and phylogenetic analysis of rpoB gene.
to ST281 and ST45. Clade II corresponded to nine isolates, and four of these isolates belonged to ST29.
Virulence factors
In general, eight of the 16 screened virulence factors (fimH, ecpRAB, mrkA, fimA, ureA, wabG, uge and entB) were mostly identified in the Klebsiella spp.-caused community-acquired infections. Different percentages of fimbriae fimH (94.8%), ecpRAB (84.6%), mrkA (64.1%) and fimA (58.9%) were identified. The entB siderophore was identified at a higher percentage (76.9%), followed by irp2 (7.6%), kfuBC (5.1%), iucA (5.1%) and iroB (2.5%). The ecpA (pillin) gene was identified in 2.5% of the isolates, while the cf29a (adhesin) gene was not identified. The ureA (84.6%), uge (61.5%), wabG (28.2%) and allS (5.1%) genes were identified. The mucoid regulator rmpA (2.5%) gene was identified in only one isolate (10474). A Jaccard index analysis of virulence factors showed two minor clusters. Cluster 1 was formed by six of the seven K. pneumoniae that had the hypermucoviscous phenotype. Cluster 2 differed from cluster 1 because it was negative for the hypermucoviscous phenotype (Supplementary Table S3 ). In particular, K. quasipneumoniae, K. variicola and K. quasivariicola isolates shared only one factor of virulence, which corresponded to the fimH (fimbriae) gene; K. quasipneumoniae and K. variicola additionally shared the ureA (urease) gene, and K. quasipneumoniae additionally contained the mrkA (fimbrial) and allS (allantoinase) genes, with this last one involved in allantoin metabolism as a nitrogen source [27] .
Discussion
The present work included all Klebsiella spp. isolates obtained from community-acquired infections during this study period. They were mainly non-ESBL-producing Klebsiella spp. isolates. Nevertheless, the non-ESBL-producing isolates had resistance to other families of antibiotics. A misclassification of Klebsiella by biochemical methods has been previously described [16, 28, 29] , so the biochemical identification of K. pneumoniae was not correct for all isolates because the M-PCR-1 assay identified one K. variicola isolate, and two isolates showed a negative result for this assay. These isolates could correspond to K. quasipneumoniae, as was determined previously by rpoB phylogenetic analysis [10] . The phylogenetic analysis of the rpoB gene effectively identified one K. quasipneumoniae subsp. quasipneumoniae isolate, but interestingly, isolate 10446 was found to be phylogenetically related to the new bacterial species K. quasivariicola and Klebsiella spp. 10982 (with the last one corresponding to K. quasivariicola) [5] (Fig. 1) . This result was confirmed by phylogenetic analysis of six-loci concatenated genes. The K. quasivariicola represented by isolate 10446 is also a community-acquired urinary tract infection, as are the other bacterial species from the Klebsiella genus. The phylogenetic analysis of the rpoB gene is accurate enough for proper identification and differentiation K. pneumoniae, K. quasipneumoniae and K. variicola as well as for K. quasivariicola ESBL, extended-spectrum β-lactamase; HMV, hypermucoviscous phenotype; PFGE, pulsed-field gel electrophoresis; ST, sequence type.
isolates. The use of the rpoB gene and not 16S rRNA was previously proposed for Klebsiella taxonomy by Martinez et al. [30] . The growing number of new bacterial species in the Klebsiella genus in less than two decades requires the implementation of a new M-PCR-1 method to correctly differentiate among at least K. pneumoniae, K. quasipneumoniae, K. variicola and K. quasivariicola, which would immensely support the study of these bacterial species.
In general, the relationship determined by pulsed-field gel electrophoresis showed that few isolates had the same clonal origin. The clonal groups A, B and C, which were each formed by two isolates, corresponded to clones from different hospitals. However, the isolates in each cluster showed different microbiologic and molecular characteristics, such as ESBL production, hypermucoviscosity and ST.
In the present bacterial population, the prevalence of ESBLproducing isolates was low, and the β-lactamase gene, which was responsible for cephalosporin resistance, was the CTX-M-15 gene in all isolates. These isolates corresponded to ST656 and ST392, which have not been previously described in Mexico but which have been described in nosocomial infections in other regions of world. K. pneumoniae ST665 has been described in China and Philippines [31, 32] as carrying ESBL and carbapenemase genes respectively. In the case of K. pneumoniae, ST392 harbouring KPC-3 and CTX-M alleles has been documented in the United States [33, 34] . Biofilm production was identified in most isolates, and eight isolates had a high index, at >6. Biofilm production was not related to the sample origin, ESBL production, serotype or ST. This phenotypic characteristic is considered a virulence factor that helps or promotes attachment to living or abiotic surfaces, thus preventing the effects of antimicrobial agents [35] . Another important virulence factor described in K. pneumoniae is the polysaccharide matrix, which coats the bacteria and is known as the capsule [36] . Hyperproduction of the capsule has been described as a hypermucoviscous phenotype in hypervirulent K. pneumoniae [37] . The capsular serotypes that are mainly associated with hypervirulent K. pneumoniae are K1 and K2 [36] and, at a lower percentage, the K5, K20, K54 and K57 serotypes [38] . Hypervirulence has not been reported together with the hypermucoviscous phenotype in Mexico; however, the hypermucoviscous phenotype in the K. variicola and K. quasipneumoniae subsp. similipneumoniae clinical isolates has recently been described [9, 10] . When we used PCR to genotype the main serotypes described in hypervirulent K. pneumoniae, we mainly identified K2, followed by K54 and K5. Only two isolates that had the hypermucoviscous phenotype had the K2 and K5 serotypes. The other five isolates that had the hypermucoviscous phenotype showed different resistance profiles and different STs, except for isolates 10444 (K2) and 10440 (K5), which corresponded to ST29 ( Table 1) . The hypermucoviscous phenotype does not strictly correspond to the hypervirulent isolate; this hypothesis, recently revised [39] , was previously proposed by Zhang et al. [40] .
A phylogenetic analysis using the concatenate nucleotide sequences from the sequence typing showed two clades (Fig. 3) . A clear phenotypic or genotypic characteristic that distinguishes the clades from one another was not identified. However, clade II members mostly correspond to STs that have the serotypes K2 (ST29, ST2938), K54 (ST29, ST2014) and K5 FIG. 4 . Jaccard index of phenotypic and molecular characteristics identified using microbiologic and molecular tests in Klebsiella pneumoniae, Klebsiella quasipneumoniae, Klebsiella variicola and Klebsiella quasivariicola isolates.
(ST29), are ESBL producers (ST392, ST656) and have the hypermucoviscous phenotype (ST29, ST1081).
Generally, virulence factors are poorly studied in K. pneumoniae that cause hospital-acquired infections. However, a correlation between antibiotic resistance and virulence has been proposed [41] . Holt et al. [42] explored this correlation in silico in hypervirulent and carbapenem-resistant K. pneumoniae (ST258) isolates. In the present work, the virulence factors were heterogeneous. The presence of fimbrial genes (fimH, ecpRAB, mrkA, fimA), which are involved in adhesion and subsequent gastrointestinal colonization, was common in both the non-ESBL-and ESBL-producing Klebsiella spp. [36] . The most common siderophore was enterobactin (entB), followed by yersiniabactin (irp2); however, aerobactin (iucA) was identified in two isolates (10471, 10445) compared to salmochelin (iroB), which was identified in only one isolate (10474). K. pneumoniae 10474 (ST2939) was the isolate that presented the highest number of virulence factors, including the rmpA gene (mucoid regulator), the K2 serotype and a negative hypermucoviscous phenotype (Supplementary Table S3 and Fig. 4) . Interestingly, the hypermucoviscous phenotype was identified in six non-ESBL-producing K. pneumoniae isolates, whose correlation formed a cluster (cluster 1) (Fig. 4) . The hypermucoviscous K. pneumoniae isolates in cluster 1 shared the fimH, fimA, ecpRAB and mrkA fimbriae genes; urease (ureA), glucuronic (wabG) and uridine (uge) metabolism genes; and the enterobactin siderophore (entB). Only two of these isolates (10440, 10444) corresponded to serotypes K2 and K5. The K. quasipneumoniae, K. quasivariicola and K. variicola isolates, together with some K. pneumoniae isolates, contain the lowest number of virulence factors included in the study. The fimbriae fimH is a characteristic common among these bacterial species, and urease is a characteristic present in K. quasipneumoniae, K. variicola and K. pneumoniae isolates and absent in K. quasivariicola. These data correlate with a recent in silico analysis of K. quasipneumoniae and K. variicola genomes which identified a mosaic distribution of different virulence-associated genes that would allow it to adapt to clinical settings [43] . In the case of K. quasivariicola, the eventual description of more isolates and genomes may later permit us to detail the potential setting for this bacterial species.
Conclusions
In our study, K. pneumoniae was the most represented Klebsiella species; however, K. quasipneumoniae subsp. quasipneumoniae, K. variicola and the new bacterial species K. quasivariicola also cause community-acquired infections. Major resistance was identified among ESBL-producing clinical isolates; nevertheless, we observed multidrug resistance among non-ESBL-producing isolates. The virulence factors were heterogeneous, and K. quasipneumoniae, K. variicola and K. quasivariicola in particular contain the lowest number of virulence factors, in contrast to most K. pneumoniae isolates. The hypermucoviscous phenotype and serotypes, which have been previously described in hypervirulent K. pneumoniae, were highlighted. Virulence factors associated with adhesion and subsequent tract gastrointestinal colonization are common characteristics in Klebsiella spp. isolates. In this work, we were not able to establish a correlation, molecular mechanism, or advantage to being hypermucoviscous and/or belonging to serotypes K2, K5 and K54 in these isolates. Finally, community-acquired infections are represented by various species from Klebsiella genus, with different profiles of antibiotics resistance and heterogeneous virulence factors. Nevertheless, this bacteria genus has been described to acquire plasmid-borne antibiotic resistance in combination with virulence factors and could cause serious community infections in Mexican population.
